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FOREWORD

Hydraulic model studies of the Webster Dam Spillway, a
part of the Missouri River Basin Project, were conducted in the
Hydraulic Laboratory of the Bureau of Reclamation at Denver,
Colorado, during the period October 1952 to August 1953.

The final plans evolved from this study were developed
through the cooperation of the staffs of the Spillway and Qutlets
Section and the Hydraulic Laboratory.

During the course of the model studies, Messrs. H. W,
Tabor, C. J. Hoffman, and G. H. Austin of the Spillway and Out-~
lets Section frequently visited the laboratory to observe the model
tests and discuss the results.

These studies were conducted by G. ‘L. Beichley with the
aid of Dr. Abdias Guzman from the University of Colombia at
Bogata, Colombia, South America. The studies were supervised
by W, E. Wagner, A, J. Peterka, and J. N. Bradley under the
Hydraulic Laboratory direction of H, M. Martin,
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Subject: Hydraulic model studies of Webster Dam Spillway

SUMMARY

Hydraulic model studies of Webster Dam Spillway (Figures
1 through 8) were made on a 1:54 scale model (Figures 9, 10, and 11)
for the purpose of developing and checking the hydraulic design.
Data .and notes taken on the flow in the model showed that the general
concept of the preliminary design was satisfactory. However, the
following design modifications and developments were accomplished:
the inlet walls in the spillway approach (Figures 12, 14, and 15)
were modified to provide economy without loss of satisfactory flow
conditions; the location of the auxiliary float well intake was deter-
mined; the radial gate trunnion was relocated at a higher elevation
so that it and the gate counterweight would clear the water surface
(Figures 16 and 17); the minimum height of the training walls along
the chute and stilling basin was determined from water surface pro-
file measurements (Figure 23); and the stilling basin was modified
to eliminate scouring in the discharge channel principally at the
downstream corners of the basin (Figures 24, 29, 30, 31, 32, 33,
and 35); the spillway was calibrated for use in operating the spill=
way gates of the prototype to control discharges (Figures 18 and
19), and the spillway was checked for subatmospheric pressures
(Figure 20). Motion pictures were made showing the final recom-
mended spillway discharging the design flow in the spillway approach,
gate section, chute, and stilling basin.  Motion pictures were also
made of smaller discharges in the recommended stilling basin,

INTRODUCTION
Webster Dam is a part of the Webster Unit of Solomon

Division of the Missouri River Basin Project. It is located on the
south fork of the Solomon River approximately 1 mile downstream




from the village of Webster in Rooks County in north central Kansas
as shown on the location map in Figure 1. The dam, shown in Fig-
ures 2 and 3, is an earth-fill embankment approximately 10,600 feet
long at the 30-foot wide crest with a maximum height of approximately
110 feet above the river bed in the diversion channel.

The concrete spillway is located near the left abutment, The
spillway consists of an excavated approach channel, concrete lined
at the downstream end; spillway crest structure with three radial
gates, hoist deck, and highway bridge; a concrete-lined chute and
stilling basin; and an excavated outlet channel which leads to the
Solomon River; all shown in Figures 2 through 8. The spillway ap=
proach and outlet channels are to be lined with a crushed-rock and
riprap blanket adjacent to the concrete structure.

The spillway is 116 feet wide at the crest and 843 feet long
from the axis of crest to the end of the stilling basin. The crest is
at elevation 1884. 60 which is 5 feet below the normal reservoir ele-
vation and 53. 4 feet below the maximum reservoir. The flow is
controlled by three 33~-foot 4~inch wide radial gates separated by
8-foot piers. The spillway is designed to discharge 138, 000 second
feet which corresponds to 1,380 second feet per foot of usuable
crest length. The flow drops a vertical distance of 82.6 feet in a
horizontal distance of 713 feet measured from the crest axis to the
upstream end of the stilling basin. The stilling basin is 264 feet

wide by 130 feet long. Chute blocks are used along the upstream
edge of the stilling basin and a dentated end sill at the downstream
end as shown in Figure 8. Stilling basin wing walls are provided
near the downstream end of the basin at right angles to the direc-
tion of flow.

THE MODEL

The model was constructed and tested in the Bureau of
Reclamaiion Hydraulic Laboratory at the Federal Center near Denver,
Colorado. It was a 1:54 scale reproduction of the spillway and sur-
rounding area as shown in Figures 9, 10, and 11,

The reservoir topegraphy was reproduced for a distance of
approximately 700 feet upstream from the spillway crest and for 324
feet to the right and left of the spillway center line. Downstream
from the end of the stilling basin, topography was reproduced for a
distance of approximately 475 feet and for a distance of 324 feet to
the right and left of the spillway center line.

Topography in the reservoir area of the model was molded
of concrete mortar placed on metal lath which has been nailed over




weoden templates shaped to the ground surface contour as shown in L
Figure 10. Model concrete surfaces simulating nonconcrete sur=- /
faces of the prototype, such as topography, were given a rough fin-
ish while concrete surfaces simulating concrete surfaces in the pro-
totype were given a smooth finish. Topography in the downstream

area was formed in sand in order to provide a movable bed in which
to study the erosion characteristics of the flow leaving the structure. i

The spillway crest, chute, and stilling basin floor were
molded in cement mortar. Sheet-metal templates accurately cut
and placed were used as guides. Piezometers over the crest sec-
tion consisted of 1/16-inch inside-diameter copper tubes that were
soldered at right angles to the profile shape of the template and filed
flush,

Water was supplied to the model by means of the laboratory's
permanent supply system. The water was pumped from the under-
floor reservoir through a 12~inch main supply line to the model. The
discharge was regulated at the automatic contrcl board and meas-
ured by a venturi meter of appropriate size. The reservoir eleva-
tion was measured with the hook gage in well located approximately
as shown in Figure 9. The tail water elevation was controlled by
the tail water control gate and measured by use of a permanently
mounted point gage. Certain water surface profiles were recorded
by means of a sliding point gage mounted on a rail while others were :
recorded by measuring the depth of flow. Pressures on the spillway
crest were measured by use of nine piezometers on the center line .
of spillway shown in Figure 9. :

Head losses due to friction in the model are usually greater
proportionately than indicated by the model scale because surfaces
sufficiently smooth to represent prototype surfaces to scale do not
exist. Therefore, to maintain the scale velocity throughout the model
chute, it was necessary to either increase the slope of the chute or
reduce the chute length. For this structure it was advantageous to
increase the slope so that the geometrical similitude of the diverging
chute in plan would be unaltered. It would then be possible to observe
and study the flow pattern throughout the chute as it would occur in
the prototype.

The slope correction was applied only to the constant slop-
ing portion of the chute which extended from Station 9+80, at the
downstream end of the crest profile, to Station 15+19. 58, at the
P.I. of the vertical curve. The slope required for the model chute
was computed to be 0.0315 as compared to 0.02 in the prototype.
This increased slope amounted to an additional drop of 1. 38 inches
between these two stations in the model. With this slope correction
the velocity of the design flow entering the stilling basin more truly




represented the prototype velocity and the energy to be dissipated
in the model basin more closely represented the prototype energy.

THE INVESTIGATION =

The investigation was concerned with the performance of
the spillway and with the erosion of the river bed caused by the flow
leaving the stilling basin. The maximum design flow which during
the course of this investigation was 136,000 second {eet was of pri-
mary concern. This discharge corresponds to about 1,360 second
feet per foot of usable crest length with a head on the crest of 53.1
feet. After completion of this study the maximum head was in-
creased to d3. 4 feet and the maximum discharge to 138, 000 second
feet. To a lesser degree, the investigation was concerned with the
spillway discharging flows less than maximum to be certain that the
structure operated as intended and that the erosion pattern was sat-
isfactory over the entire discharge range. The investigation in-
cluded the testing of the spillway approach, gate section, chute, and
the stilling basin as well as the investigation of the erosion pattern
caused by the flow leaving the basin.

Spillway Approach

Flow Characteristics

The model of the spillway approach area with the prelimi-
nary inlet wall design is shown in Figure 12(A). Figures 12(B),
12(C), and 12(D) show 136, 000 second feet approaching, entering,
and passing through the gate section. The flow approached the
spillway quite satisfactorily for all discharges; however, the flow
piled up on the pier noses as shown in Figures 12 and 13 and the
water surface was drawn down around them for discharges near
maximum. This was a matter of interest however, rather than
concern,

Development of the Inlet Walls

Flow along the preliminary inlet walls was very smooth
even for the maximum design discharge as shown in Figure 12(R),
but it was decided by the designers to test four alternate inlet wall
designs that were more economical for prototype construction. All
four alternate designs operating with the maximum discharge of
136,000 second feet are shown in Figures 14 and 15. Design No. 3
was the most economical design to construct., but the drawdown
around the vertical portion of inlet wall was considered to be too
great; therefore. the second most economical structure shown as




Design No. 4 was adopted by the designers for prototype construc-
tion, This design caused some disturbance along the sloping walls
for discharges near maximum, but tests showed that this disturbance
did not reduce the capacity of the spillway. Motion pictures of the
design flow along the recommended inlet walls were taken.

Determination of the Auxiliary Float Well Intake Location

Float wells are provided in the piers of the prototype
structure to adjust the radial gate openings automatically when the
reservoir elevation fluctuates. The main entrance intake for the
float wells is located in the approach channel approximately 500
feet upstream from the spillway and below crest elevation. For
high reservoir elevations this intake entrance and the intake supply
line to the float wells is very deeply submerged and emergency re-
pairs would be very difficult. Therefore, an auxiliary intake and
supply line was to be provided and its location was to be determined
from model tests.

It was necessary that the head on the auxiliary float well
intake represent the reservoir elevation very closely. A velocity
head drawdown of approximately one-half foot from reservoir ele-
vation was considered allowable by the designers for the maximum
design discharge. Three locations for the auxiliary intake were
tested in the model. ‘

The first location tested was at elevation 1877 on the right
pier nose. A piezometer in the model at this point revealed that
for maximurn design discharge, the pressure head was about 2.6
feet less than reservoir elevationas shown in Figure 13. This lo-
cation, therefore, was considered unsuitable.

The second location tested was in the reservoir on the ex-
tended line of the left training wall and about 3 feet above the ground
surface with the intake opening facing downstream. Measurements
were made to determine how far upstream along this line the intake
entrance would need to be to meet the velocity head drawdown limita-
tion, Velocities in the direction of flow were measured along this
line in the model, at about 3 feet above the ground surface, usinga
Stevens midget current meter. The following results were obtained:

75 feet upstream from the crest axis and in line
with left training wall~-1i. 8 ft/sec--2. 16-ft
drawdown

115 feet upstream from the crest axis and in line
with left training wall-=9. 5 ft/sec~--1. 40~ft
drawdown




160 feet upstream from the crest axis and in line
with left training wall--7.4 ft/sec--0. 85-ft
drawdown

187 feet upstream from the crest axis and in line
with left training wall--5.9 ft/sec~~0. 54~-It
drawdown

Therefore, it was necessary that the intake be located at least 187
feet upstream where the velocity in the direction of flow was about
6 feet per second and the velocity head was a little over one-half
foot. This was too far to be desirable.

[ ]

After the revised inlet walls were developed, a third loca-
tion in the face of the left inlet wall near the upstream end shownin
Figure 5 was tested and recommended {or prototype construction. A .
point gage measurement at this point in the model showed the water
surface to average approximately 0.4 of a foot below the reservoir
elevation which was acceptable. Surface waves in the intake area,
shown in Figure 15(D), measuring 0.5 of a foot high from crest to .
trough were objectionable, but since the auxiliary intake would be
usedonlyinanemergency, and since inthe wall it was more easily ac-
cessible than in the reservoir, the wall location was considered
satisfactory by the designers.

Spillway Gate Section

Water Surface Profiles

Flow through the gate section is shown in Figure 12(D) for
the design discharge of 136,000 second feet and in Figure 11(B) for
11, 000 second feet through a 3-foot opening of the gates. Flow
around the trailing edge of the piers was satisfactory. Motion pic-
tures of the flow through the gate section were made for the design
discharge.

Water surface profiles shown in Figure 16 were recorded
along the right and left training walls of the gate section, the center
line of the spillway. and along both faces of both piers for the maxi-
mum discharge of 136, 000 second feet. The profiles showed that
the counterweight frames on the three radial gates shown in Figure
7 would be partially submerged when the gates were fully open with
the gate pin at the preliminary locaticn. In the preliminary design
the gates seated on the crest axis, but as a result of these water
surface measurements, the designers moved the gate pin higher
and farther downstream so that the gates seated downstream from
the crest axis as shown in Figures 6 and 7.




With the gates relocated and fully open for free flow, trans-
verse water surface profiles shown in Figure 17 were recorded for
the design discharge under the bottom edge of the gates and under the
counterweight frames. From these profiles, the minimum bottom ‘
elevation of the skin plates and the minimum bottom elevation of
the counterweight frames were determined for the design flow. As
a result of these tests, the designers set the bottom of the gate at
elevation 1930 for gates fully open. The relocation of the gates pin
as tested here was, therefore, recommended for prototype construc-
tion,

Calibration

Calibration of the free crest disclosed that the crest was
capable of discharging the maximum design discharge of 136, 000
second feet at maximum reservoir elevation as shown in Figure 18.
The efficiency of the crest was indicated by the discharge coeffi~-
cient in the equation:

Q= CLH3/2

Q is the discharge
L is the crest length, and

H is the total head or difference in elevation
of reservoir and crest

For the maximum discharge the coefficient was approximately 3.53
as shown by the discharge coefficient curve in Figure 18.

The crest section was calibrated for gate-controlled flow
for use in prototype operation of the structure. The gates were
calibrated both in the preliminary and revised location. Both are
shown in Figure 18. For the very small gate openings of about 3
feet or less, and for the large gate openings of about 40 feet or
more, the dlscharge was about the same whether the gates seated
on the crest axis as for the preliminary location or whether they
seated downstream as for the final recommended location. For
any given gate opening between these two extremes there was less
flow when the gates seated downstream from the crest axis. The

. reason for this is that the effective gate opening, that is, the short-
est distancesbetweenthe crest profile and the bottom edge of the
gate is less when the gates seat downstream from the crest axis.
The gate-controlled dlscharge curves for the recommended gate
location are cross plotted in Figure '18 so that discharges may be
quite accurately interpclated for any combination of reservoir ele-
vation and gate opening.




Pressures

Pressures on the crest profile of the spillway were re-
corded for a range of uncontrolled discharges as shown in Figure
20(A). All pressures were considerably above atmospheric. Pres-
sures were also recorded for a range of controlled flows with the
gate in both preliminary and recommended locations-as shown in
Figure 20(B) and 20(C), respectively. In all cases pressures were
above atmospheric, except for small gate openings which showed
subatmospheric pressures of approximately 2 feet of water. Since
the discharge coefficient was satisfactory and no severe subatmos-
pheric pressures were encountered, the crest shape is recommended
for prototype construction. ' :

Spillway Chute

Flow entering the chute is shown in Figure 11(B) for 11,700
second feet with the gates open 3 feet and in Figure 12(D) for the
design discharge of 136,000 second feet. Figure 21 shows the flow
through the chute for the design discharge. A standing wave occurred
on the center line of the spillway chute a short distance downstream
from the gate section as shown in Figure 21(C) and others occurred
as shown in Figure 21(D); however, the flow entered the stilling ‘
basin faxrly uniformly distributed from one training wall to the other
as shown in Figures 21(A) and (B). For 136,000 second feet the
flow entering the basin was slightly more concentrated near the cen=-
ter of the chute as shown in Figure 22. For all lesser discharges
the flow in the chute was fairly nniform from one training wall to
the other before entering the stilling basin. This good distribution
was instrumental in providing the good action observed in the still-
ing basin. The flow distribution appeared to be satisfactory also for
gate-controlled flows if the openings of the three gates were sym-
metrical.

Water surface profiles were recorded along the left train-
ing wall for several discharge and gate setting.combinations.as
shown in Figure 23. The profiles were used by the designers for
determining the most economical training wall heights. The left
training wall was chosen for the water surface profile measurements
because the flow through the chute was in general slightly deeper .
along the left training wall than along the right. The reason for
this was that the spillway approach was not symmetrical about the N
center line of the spillway. .

Except for training wall heighte, the chute as preliminarily
designed is recommended for prototype construction, Motion pic~
tures of the flow through the chute were made for the design discharge.




Spillway Stilling Basin

Preliminary Basin

The stilling basin was tested to develop an economical
basin that would dissipate the energy of the flow satisfactorily.
The preliminary stilling basin discharging the design flow of 136,000
second feet is shown in Figures 24, 25, and 26.

- A 30-minute model erosion test with the basin discharging
the design flow showed some erosion to occur at the downstream
corners of the structure and in the center of the discharge channel
approximately 100 feet downstream from the structure as shown
in Figure 24(C). Except for the corners, the downstream edge of
the structure was protected very well by a ground roller that de-
posited bed material there. The discharge channel near the cor-
ners of the basin was eroded by side eddy undercurrents. Erosion
at the left corner was not quite as severe as erosion at the right
because the higher channel bank on the left helped to prevent form- -
ation of the side eddy current. At the intersection of the channel
banks and the 90° wing walls erosion occurred along the wing walls
as a result of the side eddies. The banks of the discharge channel
were also eroded due to sloughing of the wet sand but this does not
truly represent a prototype condition. Sloughing is common in
model erosion tests where steep banks are molded in sand and does
not necessarily represent the action on prototype banks which are
usually of more stable material.

The stability of the jump was determined for a range of
discharges by lowering the tail water elevation below the expected .
tail water elevation shown in Figure 27. The tail water was lowered
first to the elevation at which the chute blocks became partially
visible, and then further to the elevation at which the jump swept
out of the basin. These elevations are shown as curves in Figure
27 for a range of discharges near the design flow.

The factor of safety between the expected tail water eleva-
tic'y and the elevation at which sweep out occurred appeared to be
more than ample; about 11 feet at maximum discharge and increas-
ingly more than 11 for smaller discharges. In fact, it was neces~-
sary, in conducting the tests, to lower the elevation of the dis-

- charge channel in order to lower the tail water sufficiently to cause
the sweep out.

- The basin was considered to operate at maximum efficiency
as long as the chute blocks were covered. With the chute blocks
partially uncovered some of the basin was not utilized in dissipating
energy. The chute block visibility curve in Figure 27 indicates the



tail water elevation at which some of the chute blocks momentarily
appear and then disappear. The curve shows that the tail water can
be lowered several feet before the basin efficiency is reduced. For
the maximum discharge the tail water could be lowered 2 feet, shown
in Figure 25(B), without any part of the chute blocks becoming vis-
ible., For smaller discharges the margin became rapidly greater.

The necessity for chute blocks on the apron was deter-
mined as shown in Figure 28. Figures 28(A) and (B) show a basin
operating with and without the blocks. The blocks were found to be
a real aid in helping the jump to form well upstream in the basin
and in increasing the stability of the jump.

Water surface profiles were recorded along the left train-
ing wall of the stilling basin, Figure 23. The profiles show that the
height of the preliminary basin walls can be reduced. The profiles
also show that the chute blocks are well submerged at the upstream
end of the basin.

The effect of the dentated end sill was determined by test~
ing the preliminary basin without one, Figure 29. The water sur-
face at the toe of the jump was rougher without the sill than with,
but downstream from the jump the water surface was smoother as
shown by comparison of Figures 24 (B) and 29(A). Without the sill
the erosion was much more severe as shown by comparison of

Figures 24(C) and 29(B). For the design discharge the entire down-
stream edge of the basin was in danger of being undermined by
erosion. Therefore, the use of a dentated end sill is very essential.

While the dentated end sill was out of the basin an inter~
esting bit of data was observed. It was learned that with no sill the
jump remained in the basin for lower tail water depths than when
the sill was used, as shown by the sweep out curves in Figure 27,
The reason for this was that without the sill the length of the hyd-
drualic jump extended beyond the end of the basin. This permitted
water to flow back into the basin from the sides makmg sweep out
more difficult.

It was concluded from these tests that the preliminary
basin was well designed. However, it was thought that perhaps a
more economical structure could be developed and that perhaps
the erosion at the corners of the basin could be reduced without in~
creasing the cost of the structure.

Proposed Stilling Basin Modifications Tested

Several proposed modifications to the stilling basin were
tested to develop the most economical basin and to reduce the ero-
sion at the apron corners. The erosion test results for most of the




modifications tested are shown in the photographs of Figures 30
and 31. A summary of all erosion test results is shown in the table
in Figure 32,

With the apron floor 4 feet higher than in the preliminary
basin the structure would be more economical to construct, but the
erosion at the apron corners was increased, Figure 30(A), and the
water surface was rougher. With the apron elevation unchanged.
and the dentated end sill of the preliminary design moved upstream,
erosion was increased still more as shown in Figure 30(B). With
the preliminary basin lengthened 45 feet the erosion at the corners
of the basin was not improved, Figure 30(C). With 45° spur walls
added at the basin corners as shown in Figure 30(D), erosion at the
corners was eliminated but the structure became more costly. Re-
placing the dentated end sill with a smaller sill with wider slots and
smaller dentates, approximately 0.15d2 high, was not effective in
improving the scour, Figure 31(A). A basin with a sloping apron
was a more economical design, but the erosion pattern was more
severe than for the preliminary design, Figure 31(B), and the sweep
out factor of safety was reduced as shown by the sweep out curve in
Figure 27.

A low spur wall that extended only 10 feet above the basin
floor elevation was added to each side of the basin and was found to
produce very unsatisfactory erosion. A short portion of the dentated
sill was removed at each end of the preliminary sill adjoining the
basin training walls, and this, too was found to be unsatisfactory.
An additional high block placed on the ends of the sill adjoining the
basin training walls did not improve the scour pattern either. It
was also found that the scour pattern at the corners was not affected
by the use of a slot instead of a dentate adjoining the basin walls.

Since the preliminary basin plus the additional 45 spur
walls that extended above the water surface proved satisfactory as
shown in Figure 30(D), it was decided to test a more economical
arrangement of this structure to accomplish about the same thing.
The training walls of the basin were turned outward from the up-
stream end of the sill on a 45° angle to simulate to some extent the
45° spur walls. Erosion test results shown in Figure 31(C) were
better than for the unaltered preliminary design because no erosion
was found to occur at the corners, but, inatead, occurred 40 or 50
feet in from the corners along the end sill. Some erosion still
occurred along the 900 wing walls.

The 450 diverging walls made it possible for the designers
to relocate the 90° wing walls 12 feet upstream from the prelimi-
nary location at the downstream edge of the sill. The designers
considered this a step in the direction of economy, so the model
was tested for this arrangement, Figure 31(D). The erosion




pattern indicated that a little less erosion occurred along the 90°
wing walls and at the end sill; compare Figures 31(C) and (D). The
results of these two modifications led to the development of the
recommended stilling basin.

Recommended Stilling Basin -

The recommended design included the 45° corner training
walls and relocation of the preliminary 80© wing walls 12 feet up-
stream from the end of the basin, plus one further modification of
the end sill as shown in Figures 8 and 33. The slots between den-
tates at each end of the sill were filled in to sill height and fillets
were added to the sill at the downstream corners to conform to the
slope of the channel banks. The slots were filled in at each end of .
the sill as far out from the training wall as erosion along the sill
occurred in the preceding test described above. Six slots on each
end were therefore filled; a distance of 64.5 feet out from the
training wall, -

An erosion test shown in Figures 33(A) and (B) showed
that a small amount of scour occurred near the ends of the 45°
training walls, but the bottom elevation of the hole was still above
the elevation of the basin floor. No erosion occurred along the 90°
wing walls except for unavoidable sloughing of the model sand banks.
Erosion tests also showed that the scour pattern was improved if a
dentate rather than a slot was adjacent to the 45° training walls.

The boil over the sill for the design discharge was greater

than for the preliminary design, particularly over the filled in ends S
of the sill as shown in Figures 33(C) and (D) but this was not con-
sidered objectionable. Sweep out tests were not made since the )
chute blocks were well submerged by the hydraulic jump for all
discharges with normal expected tail water as shown in Figure 4.
The curves for the preliminary design in Figure 27 should indicate
the sweep out characteristics of the basin.

The flow distribution across the width of the basin was
quite uniform for all discharges as shown in Figure 34 except for
1/4 maximum discharge. For 1/4 maximum discharge the ap-
pearance of the hydraulic jump indicated a tendency for flow con-
centration near the training walls. This is not important, however,
since the entire length of the basin is not needed to fully dissipate
the energy of a small flow entering it. Motion pictures were made
of the basin discharging the flows shown in Figure 34,

Further erosion tests were conducted using 3/4-inch
crushed rock to represent prototype riprap. The 3/4-inch crushed
rock simulated geometrically the 36 -inch prototype riprap fairly




closely. The area that was riprapped is shown in Figure 35(A) and
was partially determired by noting the eroded areas evident in the
erosion test in sand, Figure 33(B). The initial 2-hour test run
showed no movement of riprap to occur along the end of the struc-
ture, Figure 35(B). Even on the side slopes along the 90° wing
walls the riprap did not move as did the sand without the riprap
protection. The downstream portion of the left bank failed, how-
ever. The cause was determined to be insufficient thickness of
riprap in the model test or insufficient packing of the sand under-
neath because a repeat test did not disclose this failure. However,
the initial test did indicate that the waves from the boil at the cor-
ners of the basin may cause riprap failure of the prototype channel
banks if the thickness of the riprap layer is not sufficient. The
repeat test shown in Figure 35(C) was an §-hour test, 2 hours of
which was with 1/4 maximum flow, 2 hours with 1/2, 2 hours with
3/4, and the final 2 hours with full maximum discharge. None of
the riprapped areas fuailed in this test. Some of the riprap along
the end of the structure was covered with sand but the riprap, in
general, was not dislocated.. ‘

An additional 4-hour test with maximum flow continuing
from where the previous 8-hour test left off finally produced a
gradual failure of the riprapped area on the downstream portions
of the right bank as shown in Figure 35(D). One hour, model, is
equivalent to 7.3 hours, prototype. The results of these tests were
considered satisfactory by the designers, therefore, this basin was
recommended for prototype construction.
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WEBSTER DAM SPILLWAY
MODEL LAYOUT

i 54 SCALE MODEL




FIGURE 10
Report Hyd-380

Note model gates and wood contours
g

Note woud contours being covered with metal
lath

WEBSTER DAM SPIHLLWAY
Model Construetion
1:54 SCALE MODEL




FIGURE 11
Report Hyd -39(88

A. General overall view

B. Gate opening 3 feet--Discharge 11,000 second-
feet--Recommended gate pin location. Note
flow pattern

WEBSTER DAM SPILLWAY
Model Views
1:54 SCALLE MODEL




IFlow approaching the gate section, Note

Preliminary inlet walls and water surface :
smooth flow along inlet walls

point gage

t'low entering gate section Flow leaving gate section

¢l JUNDIA

WEBSTER DAM SPILLWAY
Flow Through the Preliminary Spillway Entrance--136, 000 Second-feet
1:54 SCALE MODEIL.
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FIGURE I3

REPORY HYD 390

~Top of Pler
¥

El. 193715~ L_.-Average Piezometer

Res. El. 1937.68-} ) g pressure E1.1938.2

0.28'~

1
{
:
ke~ Fluctuates-—>

Fiezometer EL 1877 =~ ~~___|

Approach Channel El.i1872 y
R A RS YR

136,000 SECOND FEET

~Top of Pier

e’

El.1918.15- 1+ o .
Res. El. 1918. 24~ ie A --Pigzometer pressure
"y El. 1918.3 y E1 19181

———— ——

Piezometer EL 1877y
-

Approach Channel El. 1872 \{

K-TEE T

68,000 SECOWND FEET

WEBSTER DAM SPILLWAY

WATER SURFACE AND PRESSURE AT RIGHT PIER
1:54 SCALE MODEL




Design 2

D. Design 2--136,000 second-feet. Note
excessive drawdown

B. Design 1--136,000 second-feet,
absence of drawdown

¥1 JUNDIA

1of 2 WEBSTER DAM SPILLWAY
Sheet 1 o Proposed Inlet Walls Tested
1:54 SCALE MODEIL
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B. Design 3--136,000 second-feet. Note D. Design 4--136,000 second-feet. Note
disturbance and drawdown disturbance but not excessive drawdown

ST JHNODIA

Sheet 2 of 2 [ WEBSTER DAM SPILLWAY
Proposed Inlet Walls Tested
1:54 SCALE MODEL
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Qe 136,512 CFS. ’ L pin tocation

5

pin location

\
t
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LOCATION CYMBOL CHEGK AT,
WiTH REVISED
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Q= 136,100 CF i b= il »*  Pintocation

{

¢
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3 ---Prghmino'ry qgote
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; INLET WALLS
(T IRignt wo!ll e a
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il ™
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DISTANCE ~-FEET
TRAINING WALLS AND CENTER LINE OF SPILLWAY

WEBSTER DAM SPILLWAY
WATER SURFACE PROFILES THROUGH GATE SECTION
I:34 SCALE MODEL 2




teee~& of spillway

‘| .Bottom elev of

K gate skin piote

e

ELEVATION-FEET

Crast E1.1884.6-, |
N 1 1 ;
P 5 TR AR A ]

=5 ] 30 40 50 €0
DISTANCE ~FEET

NOTE. When bottom of skin plote on oll three gotes is set ot elavotion 1926,
the woter surface first touches the center gate when the dischorge
reaches 115,500 second feet. Tha center gate opening is completely
submerged when the dischorge reaches 119,300 second feet,

A. WATER SURFACE PROFILE UNDER BOTTOM OF GATE SKIN PLATE
APPROXIMATELY STA. 9+17 LOOKING DOWNSTREAM

€ of spilwoy

«~Approx, bottom eiev.
of counter weight

ELEVATION-FEET

&

118715
T

[ : 80 60 70
DISTANCE ~FEET

NOTE. Woter surface profile ot Sta 10+ 02 is neorly one foot higher thon ot Sta. 10+04

B. WATER SURFACE PROFILE UNDER GATE COUNTER WEIGHT
APPROXIMATELY STA.10+04 LOOKING DOWNSTREAM

WEBSTER DAM SPILLWAY
WATER SURFACE PROFILES UNDER GATE
SKIN PLATE AND COUNTERWEIGHT
FCR 136,000 SECOND FEET AND MAXIMUM DESIGN GATE OPENING
1. 56 SCALE MODEL




FIGURE I8
REPORT HYD.390

, - 60
1940 IR ] 77 P A7 w2 27 T 1 el esrrs rMox. Head
Il 1] ‘ V/i A/l A 7 P4 Rp s M‘?-——,———:— 1| 53.1 Feet[]
ARTARY/ / 7 v 7 PZARR Al e ~ 1T 1]
BRI : fi /| I o ’// AN Ll e | e & of 7] i X\ ; | '
1930 ” // 4 1/// ,/// W 7 6 ;@G'V | " A s Ll s0 1 ‘
- / // ‘ YA Y A p ; ¢ o l
L 1/ "/ oA Sz w27 — I o® & o ; [
¥ N4 R <2 n o [ :
l S ll B / ‘}$ '/ Qq}x/r/ ‘(Q’W gf, = ant et 8 9 - I=
g gl 3 Sh . A &q,%// S D ol ; e B |
[ -~ = R ey g 71T rd NS T 1 Q : 1 ] | :
el 7 L Lot 2 Y
= i sl g 18 9 S, . 7} &L P e o | f ! o
r | Wl w ,7L A «(;// & q?éjl Pabad ; L AR
T Y e y » - * ™ i
= sl sshdl s, A7 | AT A “ o s [ [
[ i g ~ & ! v ; W I ; !
3 } 'h-.l z W q,,[/ 9 / — 4- // > N Aot Aot - } ! S DRSNS DU S ] N - - ‘ l | ‘
Wl wf_ wf | & ____1"/ y i , g T "TUNCONTROLLED CREST .E sob [ E
« ! W o/l © 4 e = o i | v ;
S o~ ____'7 / / /. v Z i - N Y SN NN N S S — ] P 1 /~ l i
z fi g T ; |
e S T T T 1 T
- Lo 1 . L , L. B e deedo bl . :
« | [i] i A7 A 1|1 |=—="Preliminary design (Gate seoted on crest oxis) i / P
1900 ] , / // /f// i i ‘ Recommended design (Gote seoted 8-0"downstream from crest oxis.) 20 i /
‘4 H H . .
........ + o oo - — po— o~ ) ( ;
[YN% e ol : I L Aot .
l‘ i : 10 |
1890 I T f- /,
: ) - . " i I s B} SO0 S St SN B »
iCrest EI.1884.6 | | e
- INUG SO S S T~ P e pu [
1 .
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I SRR - S : 3 ‘ ‘ e SEREI ‘ IN THE EQUATION Q=CLHZ
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g . , WEBSTER DAM SPILLWAY
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IN FEET
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WEBSTER DAM SPILLWAY

GATE OPENING VS DiSCHARGE
FOR A RANGE RESERVOIR ELEVATIONS
| 54 SCALE MODEL
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Max. Dischorge {Q)-136,000 cts-""

75.0% Max,Q
Note: Gircied numbers designate

Piezometer tocation,
Crest Outiineis the 2ero 500% Max. O
pressure datum, '
Pressures obove atmospheric
ora plotted vertically upword
trom the Crest Outline

250%Max. Q

|eaemarmrremerie==
12.5 % Max,Q

<)

Sto.9+25%7

,-=~Crest Outline

Sta. 9+ 80

Crest axis

v,
?k Sto. 9+ o0

DY '»,»_,»v‘y.?‘

A. UNCONTROLLED FLOW

OISCHARGE  GATE
SYMBOL RES. ELEV. cts. OP(EA’I:JG

—_——— v 936,060 18,400
——————— 1937.04 97,200
1938,07 73,100
1932.09 38,700
1926.82 18,800
1921.91 10, 800

o

I m @]

~Grest Outline

Stg. 9+25

Crest axis

B. GATE CONTROLLED FLOW
PRELIMINARY GATE LOCATION

DISCGHARGE GATE
SYMBOL RES.ELEV. cfs. OPENING
1939.46 123,000
1938.98 99,600
1939 41t 74,400
1931, 36 38,400
1923.80 18, 300
922,99 14,000

——

-1

Ld

m

-

LS . ~Crest Outtine
S .

2

v

Gate Seat

0 s C. GATE CONTROLLED FLOW
L

bbb

1 1
PRESSURE SGALE IN FEET OF WATER RECOMMENOED GATE LOGATION

WEBSTER DAM SPILLWAY
CREST PRESSURES
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Fiow

C. Note standing wave 3. Note standing waves
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WEBSTER DAM SPILLWAY
Flow Through the Chute-~136, 000 Second-feet
1:54 SCALE MODEL
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DEPTH-FEET

—

Chute floor|

=]

DT AN - & e LS S NN

.l. 1 l.". l

620 6 1620 % A6 8686 70
DISTANCE~FEET

NOTE! Depth is meosured hormol to the chute floor

LOOKING DOWNSTREAM AT APPROXIMATELY STA. 16+22

WEBSTER DAM SPILLWAY
WATER SURFACE PROFILE AT ENTRANCE TO STILLING BASIN
FOR 136,000 SECOND FEET
i1 84 SCALE MODEL




O6E 'OAH 180434
€2 34NOd

IN FEEY

LEVATION IN FEET

ELEVATION:

-

10+50 +3+00 13 +%0 (4400 16 +00 18+s0 1T +00
STATIONS IN FEET

SYMBOL DISCHARGE GATE SETTING RES. ELEV.
136,000 ¢fs. All gates opened.
100,000 cfs. All gates opaned.
100,000 ¢fs. Side gates opened, center gate partiaily closed. 19341.74
100,000 cfs. Side qates portially ciosed, center gqte opened, i937.52
49,155 ¢fs. Side gotes opened, center gote ciosed. 1920.02
4,155 ¢cfs, Side qotes porticlly closed, center gate opened, 1928.50
23,785 ¢cts, Side gotes closed, center gate opened. 1920.02

NOTE: [n eoch test the side gate openings were identicol.

WEBSTER DAM SPILLWAY

WATER SURFACE PROFILES ALONG LEFT TRAINING WALL
OF SPILLWAY CHUTE

|1 54 SCALE MODEL




FIGURE 24
Report Hyd -390

<charge channel prepared for eroston test,
Note hipher bank on the right

Lrostans test an progre s

| o Sy
P 4ol W g i gt a Bom

Sceour pattern after U nunute model erosion
test, Note erosiron at corners of basin and
along 90Y wing walls

WEBRBSTER DAM SPHLLWAY
Prelimees Stilhing Basin Erosion Test-136, 000 Second-feet
1o SCALE MODRL




FIGURE 25
Report Hyd -390

Turl water elevation 4 feet below normal

WEBS VR DAM SPHLULWAY
Prelicanary Basoe inscharging 1346, 000 Second -feet
P SCALE MODE ],




FIGURE 26
Report Hyd -390

A. Preliminary basin. Normal tail water

B. Preliminary basin-tail water elev, 4 feet
below normal

] WEBSTER DAM SPILLWAY
Preliminary Basin Discharging 136, 000

Second-feet
1:54 SCALE MODEL




b 1880
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3 L
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'Y " - : 7
Note: Model tail water eievotion was measured /’; ‘
t int i igur R 7
at the point shown in Figure 9 1 . 1-
46 = 7 .
['1]
} 7
E.J . > | / p d .
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€ 42 L - L /’ —
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rd
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J A oz vd
w d P
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& 38 / *)A,
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< L7 yd
x 3¢ Sz Z
N ) " /
2 — == Preliminary basin ,/ >
Q@ | feem——-- Preliminary basin without R /
; - 34 end sill ”
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SP
830 Phd
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WEBSTER DAM SPIiLLWAY “g
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1:54 SCALE MODEL : '_\3
i




FIGURE 28
Report Hyd -390

With chute blocks

Without chute blocks

Note: Tail water depth i the same for A & B

WEBSTER DAM SPILLWAY
Stilling Basin With arnd Without Chute Blocks--136, 000 Second -feet
1:54 SCALE MODEL




FIGURE 29
Report Hyd-380

A. Erosion test in progress,normal tail water water
elevation. Discharge 136,000 second-feet

B. Scour pattern after 30 minute model erosion test

WEBSTER DAM SPILLLWAY
Preliminary Basin Without End Sill
1:54 SCALE MODEL




Basin lengthened 45 feet D.

459 spur walls added at basin corners

Scour Patterns After 30 Minute Model Erosion Tests With 136, 000 Second-~feet

WEBSTER DAM SPILLWAY
Erosion Tests for Proposed Modifications of the Preliminary Basin
1:54 SCALE MODEL
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13. end clevated 3 feet

Y R, . i O . . .
C. 45Y trainming walls at basu corner: . 459 training walls with 90° wing walls moved
upstream 12 feet

Scour Patterns After 30 Minute Model Erosion Tests with 136, 000 Second-feet

1¢ JUNOIA

WEBSTER DAM SPILLWAY
Erosion Tests for Proposed Modifications of the Preliminary Basin
1:54 SCALE MODEL
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Figure 32
Report Hyd 390

: Erosion
MODEL STILLING BASIN ARRANGEMENT :  test

Fiﬁ:e No.
Preliminary basin e :
Preliminsry basin without end sill :
Preliminary basin vith apron 4 feet higher : 30(A)
Preliminary basin with end sill moved upstream : 30(B)

22 feet :
Preliminary besin lengthened 45 feet : 30(c)
Preliminary basin lengthened 45 feet and apran  : -

4 feet higher
Preliminary basin lengthened 45 feet plus 45°

spur walls
Preliminary basip with 45° apur walls :
Preliminary basin with 45° spur walls and apron :

4 feet higher :
Preliminary basin with smaller end sill
Preliminary basin with upstream end of apron

elevated 3 feet (sloping apron)

Preliminary besin with sloping apron with tail

wveter depth 2 feet above normal
Preliminary basin with sloping sprom with tail

vater depth 3 feet above normal
Preliminary basin with sloping apron plus L5°

spur valls 10 feet high above end of basin

and tail water dapth 3 feet above rormml : :
Preliminary basin with 45° corner treining walils: : +3 : 43
Preliminary besin with 45° cornmers and 90° wing : : +3 43

walls relocated 12 feet farther upstream : : :

s se_ es co e

e ¢ se s o0 oe we ee

#Scour depth is the depth of erosion or deposition as indicated by
the plus and minus signs at the left and right corners of the basin looking
dowvnstream measursd from apron elevation along end sill.

WEBSTER DAM SPILIMWAY
Erosion Test Summary--136,000 Second Feet
1:54 scale model




The six slots nearest training wall are filled B, Scour pattern after 30 minute model erosion
in to sill height, See Figure 8 test, Note absence of erosion along end sill

Note boil over end sill }.  Boil is highest over the filled in slots

WEBSTER DAM SPILLWAY
Performance and Erosion Tests on Recommended Stilling Basin--136, 000
Second -feet
1:54 SCALE MODEL
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A, 1j4 maximum discharge, 34,000 sccond-feet,
Flow distribution in basir is not uniform

D. Maximum design discharge, 136, 060 second-
feet

C. 3/4 maximum discharge, 102,000second -feet
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WEBSTER DAM SPILLWAY
Flow Distribution in Recommended Stilling Basin
1:54 SCA LE MODEL




1. Scour pattern after 2 hour model erosion
test, 136,000 second-feet, Note failure of
left bank riprap

Scour pattern after 8 hour modei erosion test, . Test in (C) continued 4 more hours with maxi-
2 hours 1,4 maximum flow, 2 hours 1/2 max- mum discharge. Note right bank riprap failed
irum flow, 2 hours 474 maximum flow and 2
hours at maximum. Note no fatlure of bank
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WEBSTER DAM SPILLWAY
Recommended Stilling Basin Erosion Tests
1:54 SCALE MODEL
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